
WHAT CONTACT CAN
TELL
Friction tests begin to choose their own next move. Insoles
change shape by rule. Pressure, skin contact and printed
compliance turn physical variation into usable state.

CONTACT-AWARE PHYSICAL
SYSTEMS A physical system becomes more adaptive when

contact is treated as information, not merely resistance.
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FRICTION
ENTERS THE
LOOP

A new review maps how robotics and artificial
intelligence are converging in tribology: the study of
friction, wear and lubrication. The authors describe
automated sample preparation, high-throughput
tribometers and multimodal in-situ sensing as the
physical layer; supervised learning, physics-
informed models and Bayesian optimization form
the analytical layer. Joined in a closed loop, a test
rig could measure contact, interpret the result and
select the next experiment. The paper is a
synthesis, not a newly demonstrated autonomous
laboratory. It identifies partial implementations and
unresolved barriers including inconsistent datasets,
model transfer between materials and hardware-
software integration. The useful shift is architectural:
wear testing can move from repeated observation
toward an instrument that reads its own evidence
and changes course within explicit limits.
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A QUESTION FOR DESIGN

Could a test system choose its next
contact condition while keeping its
objective, uncertainty and stopping rule
legible to the researcher? *1
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FIT
BECOMES A
PARAMETER

Researchers proposed a data-driven method for
generating shoe-insole outlines across sizes without
assuming that every part scales uniformly. The
workflow extracts two-dimensional contours,
represents them as B-splines and predicts local
control-point movement along tangent and normal
directions. In an eight-fold leave-one-insole-out
evaluation, the method reported a mean Hausdorff
distance of 4.73 millimeters, a Chamfer distance of
1.76 millimeters and intersection-over-union of
0.929. It significantly outperformed a no-clustering
version and a PCA-based kernel-ridge baseline, but
did not significantly beat ratio scaling, Gaussian-
process or thin-plate-spline baselines; PCA-linear
was numerically better on Hausdorff distance
without a significant difference. This is standard-
size digital grading, not personalized fit or a
validated manufacturing pipeline. Its value is a more
local account of where shape actually changes.
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A QUESTION FOR DESIGN

Could a sizing system expose which
regions truly need to change, instead of
hiding fit decisions inside one global scale
factor? *2
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PRESSURE
LEARNS AN
ALPHABET

A flexible pressure sensor uses a sponge whose
pore size changes through its thickness. Sugar
particles serve as a sacrificial template inside a
conductive polydimethylsiloxane composite,
producing larger pores for compressibility and
smaller pores for mechanical stability. The authors
report sensitivity of 5.6 per kilopascal, a zero-to-
350-kilopascal detection range and strain tolerance
up to 70 percent. Demonstrations include human-
motion detection, foot-pressure mapping and
Morse-code input through pressure pulses. Those
examples establish laboratory versatility, not long-
term wear, washability or clinical reliability. The
design principle is more durable than the
demonstrations: one graded physical structure can
translate both light and heavy contact without
requiring the person to switch sensing modes.
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A QUESTION FOR DESIGN

Could one materially graded surface
widen a product's input range while
preserving a simple, continuous
interaction for the person touching it? *3
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THE
ELECTRODE
HOLDS
CONTACT

An anisotropic conductive hydrogel approaches
brain-computer interface sensing as a contact
problem. Directional freezing during
copolymerization creates aligned vertical
microchannels for ion transport alongside an
interconnected nanoporous network for electronic
conduction. The authors report a tissue-matched
compressive modulus, high extensibility, skin
adhesion and rapid self-healing. Preliminary P300
and steady-state visual-evoked-potential tests
produced signal quality comparable with
conventional wet and dry electrode benchmarks.
The published abstract does not establish large-
cohort performance, repeated daily use or how
healing affects calibration over time. Still, the work
aligns electrical pathways, mechanical compliance
and repair within one material architecture. A
wearable electrode can adapt at the skin rather than
asking straps, adhesives or setup rituals to
compensate for every movement.
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A QUESTION FOR DESIGN

Could a sensing interface maintain
trustworthy contact through motion and
repair while making calibration drift visible
before it affects interpretation? *4
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THE ROBOT
PRINTS ITS
SOFTNESS

A musculoskeletal-robotics study combines
parametric design with flexible 3D printing to
produce muscle-, tendon-, ligament- and cushion-
like components from one thermoplastic
polyurethane. Lattice density and branch thickness
tune mechanical behavior by body region, while
ligament-based joint constraints and tendon-driven
actuation support coordinated multijoint leg motion
at life scale. Under external suspension and partial
body-weight support, the prototype constrained
torso roll, pitch and yaw between minus 20 and plus
20 degrees. The result is a fabrication framework,
not a free-standing humanoid, and embedded
sensing remains a proposed extension. What
changes is the relationship between geometry and
behavior: compliance becomes a design variable
that can be generated and revised systematically,
reducing one-off mechanical customization.
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A QUESTION FOR DESIGN

Could compliant robot anatomy be
parameterized so a change in task
reshapes only the needed behavior rather
than forcing a complete mechanical
redesign? *5
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AUXETIC LENS

EXPAND WITHOUT ADDING
WEIGHT.

The useful future is not the one with the most technology. It is the one that
adapts without transferring its complexity to the person.

01
Where should adaptation live: in the sensor, the material gradient, the
geometry or the control loop?

02
Can a system read contact broadly enough to gain capability without
asking the person to select modes or repeat setup?

03
What evidence should remain visible when a self-reading system changes
its next experiment, fit or physical response?

AUXETIC LENS |  07

C O N T I N U U M

2026.09.12 |  ONE EARTH SOL △ |  DAILY EDITION



READ THE RECORD.

*1 DOI .ORG /  2026-09-11T10:51 :37Z

AI AND ROBOTICS IN TRIBOLOGICAL EXPERIMENTATION: ROBOTIC
PLATFORMS, ARTIFICIAL INTELLIGENCE, AND CLOSED-LOOP
EVALUATION

Open source ↗

*2 DOI .ORG /  2026-09-11T14:39 :24Z

A DATA-DRIVEN PARAMETRIC FRAMEWORK FOR SIZE-ADAPTIVE
SHOE INSOLE OUTLINE GENERATION

Open source ↗

*3 DOI .ORG /  2026-09-11T15:01 :55Z

FLEXIBLE PRESSURE SENSOR BASED ON GRADIENT POROSITY
SPONGE FOR MORSE CODE COMMUNICATION AND HUMAN MOTION
DETECTION

Open source ↗

*4 DOI .ORG /  2026-09-11T22:53 :43Z

HIERARCHICAL ANISOTROPIC HYDROGEL WITH ALIGNED ION-
CONDUCTING CHANNELS FOR NON-INVASIVE BRAIN-COMPUTER
INTERFACE ELECTRODES

Open source ↗

*5 DOI .ORG /  2026-09-12T05:34 :31Z

ACCELERATING MUSCULOSKELETAL ROBOTICS THROUGH
PARAMETRIC DESIGN AND 3D-PRINTED FLEXIBLE STRUCTURES

Open source ↗

SOURCES |  08

C O N T I N U U M

2026.09.12 |  ONE EARTH SOL △ |  DAILY EDITION

https://doi.org/10.3390/lubricants14090350
https://doi.org/10.3390/app16189042
https://doi.org/10.1021/acs.langmuir.6c03820
https://doi.org/10.1088/1361-665x/aea66b
https://doi.org/10.1002/aisy.70537

